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(54) Sensor support assembly for vehicles 

(57) An assembly for mounting a sensor (13), which 
measures a running state of a vehicle, on the vehicle at 
a predetermined positional relationship to the vehicle. 
The assembly includes a control unit for controlling the 
vehicle based on a signal transmitted from the sensor 
(13) and a circuit board (8). The assembly further 
includes a case (2) to be fixed to the vehicle for housing 
the circuit board (8) and a holding member (12. 20, 23) 
for holding the sensor (13) at an inclination relative to 
the circuit board (8). The holding member (12, 20, 23) 
maintains the positional relationship between the sen- 
sor (1 3) and the vehicle when the case (2) is fixed to the 
vehicle. 



Fig.1 
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Description 

[0001] The present invention relates to a sensor, and 
more particularly to a mounting structure for a sensor 
that measures the running state of an industrial vehicle, 
such as a fork-lift truck. 

[0002] Prior art fork-lift trucks have tiltable axles for 
improving riding quality and running stability. However, 
when a load on the fork is relatively heavy, when the ver- 
tical position of the load on the fork is relatively high, or 
when the fork-lift truck makes a high speed turn, the 
running stability of the fork-lift truck is decreased due to 
tilting motion of the axle. An apparatus for locking the 
axle to prevent the tilting motion of the axle relative to 
the body frame in these situations has been proposed. 
The apparatus includes a sensor for measuring the yaw 
rate or lateral acceleration (centrifugal force) of the vehi- 
cle. The apparatus further includes a lock mechanism 
for locking the tilting motion of the axle when the yaw 
rate or the lateral acceleration exceeds a predetermined 
value. 

[0003] For example, the yaw rate sensor utilizes a pie- 
zoelectric vibrational gyroscope or a fiber-optic gyro- 
scope. When the measured yaw rate or the lateral 
acceleration, which is calculated based on the meas- 
ured yaw rate and the speed of the fork-lift truck, 
exceeds a predetermined value, the lock mechanism 
will be activated. The lock mechanism has dampers that 
are arranged between the body frame and the axle. 
When the dampers are locked, tilting of the axle is pro- 
hibited. As a result, the vehicle is stabilized. 
[0004] In general, accuracy of the sensor is affected 
by the way the sensor is mounted. If the sensor is 
improperly mounted on the vehicle, the accuracy of the 
sensor will be low. In the case of a yaw rate sensor hav- 
ing a gyroscope, the axis of the gyroscope must be par- 
allel to the vehicle's turning axis, which is vertical. That 
is, the axis of the sensor should be vertically fixed on the 
vehicle. In a case of the acceleration sensor, the direc- 
tion of the acceleration to be measured should be paral- 
lel to the moving direction of the vehicle. 
[0005] However, it is sometimes difficult to provide 
enough space for mounting the sensor, so the sensor is 
not always properly mounted. Moreover, typically, such 
sensors are not water-proof and dust-proof. Therefore, 
the additional space required for a water and dust proof 
structure would further limit the available mounting 
space. 

[0006] One way to mount the sensor on the vehicle is 
to mount the sensor directly on the vehicle body. In this 
proposal, the sensor is covered by a water and dust 
proof cover, and a control unit is accommodated in a 
water and dust proof metal case. The control unit has an 
electric circuit for controlling the tilting motion of the 
axle. The sensor, which is mounted on the vehicle body, 
is electrically connected to the control unit, which is sep- 
arated from the sensor, with a wire harness. 
[0007] In this proposal, the sensor unit is relatively 



small, so that the attitude and position of the sensor unit 
on the vehicle are not substantially restricted. There- 
fore, the sensor can be mounted on the vehicle even if 
the mounting space is small. Furthermore, the axis of 

5 the sensor can be vertically fixed. However, since the 
harness that connects the sensor and the control unit is 
positioned outside of the cases, the harness is easily 
cut, so the electrical connection is unreliable. 
[0008] Another way to mount the sensor on the vehicle 

10 is to put both the sensor and the control unit in a com- 
mon case. In this instance, as shown in Fig. 6, a circuit 
board 41 , which has an electric circuit on it, is housed in 
the case 40 of the control unit. The sensor 42 is directly 
mounted on the board 41 . A terminal 43 is provided on 

is the sensor 42. The terminal 43 is soldered to an elec- 
trode (not shown) of the board 41 . The sensor 42 is thus 
electrically connected to the control unit. 
[0009] In this instance, the sensor 42 is directly 
mounted on the board 41 , so the electrical connection is 

20 not exposed. However, the case 40 is relatively large, so 
the attitude and the location of the sensor 42 on the 
vehicle is restricted. Therefore, the operational axis of 
the sensor 42 may not be perfectly vertical when the 
sensor 42 is mounted on the vehicle. 

25 [0010] Furthermore, the sensor 42 is relatively heavy 
in comparison with other circuitry parts, so the solder, 
which connects the terminal 43 and the electrode of the 
board, is susceptible to breakage due to vibrations. 
[001 1 ] An objective of the present invention is to pro- 

30 vide an improved support assembly for a sensor that 
measures a running state of a vehicle. 
[001 2] Another objective of the present invention is to 
provide a sensor support assembly that achieves a 
more reliable electrical connection between the sensor 

35 and a circuit board. 

[0013] Another objective is to provide a sensor sup- 
port assembly that uses existing parts, thus reducing 
costs. 

[0014] For achieving the objectives of the present 

40 invention, an assembly is provided for mounting a sen- 
sor that measures a running state of a vehicle on the 
vehicle. The sensor is mounted with a predetermined 
orientation. The assembly includes a control unit for 
controlling the vehicle based on a measured signal 

45 transmitted from the sensor. The control unit includes a 
circuit board. The assembly further includes a case to 
be fixed to the vehicle for housing the circuit board and 
a holding member for holding the sensor at an angle rel- 
ative to the circuit board. The holding member main- 

so tains the orientation of the sensor with respect to the 
vehicle when the case is fixed to the vehicle. 
[0015] Other aspects and advantages of the present 
invention will become apparent from the following 
description, taken in conjunction with the accompanying 

55 drawings, illustrating by way of example the principles of 
the invention. 

[0016] The features of the present invention that are 
believed to be novel are set forth with particularity in the 
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appended claims. The invention, together with objec- 
tives and advantages thereof, may best be understood 
by reference to the following description of the present 
preferred embodiments together with the accompany- 
ing drawings in which: 

Fig. 1 is a longitudinal cross sectional view of a sen- 
sor mounting assembly in accordance with the 
present invention; 

Fig. 2 is a cross-sectional view of the assembly of 
Fig. 1 ; 

Fig. 3(a) is a plan view of a bracket; 

Fig. 3(b) is a side view of the bracket of Fig. 3(a); 

Fig. 4 is a cross -sectional view like Fig. 1 of the 
assembly mounted on the vehicle; 

Fig. 5(a) is a longitudinal sectional view, showing 
another embodiment of the sensor mounting 
assembly; 

Fig. 5(b) is a longitudinal sectional view, showing 
further embodiment of the sensor mounting assem- 
bly; and 

Fig. 6 is a longitudinal sectional view of a prior art 
sensor mounting structure. 

[0017] A first embodiment of the present invention will 
be described with reference to Figs. 1 to 4. 
[0018] As shown in Fig.l, a sensor mounting assem- 
bly 1 is protected by a water and dust proof case 2. The 
case 2 is formed by, for example, aluminum alloy and is 
fixed to a vehicle. The case 2 includes a base 3 t which 
is fixed to the vehicle, and a cover 4, which is fixed to the 
base 3. An inner surface of the cover 4 and a recess 3a 
of the base 3 define a sensor accommodating space. 
First pedestals 5 and second pedestals 6 extend from 
the recess 3a and are integrally formed with the base 3. 
The first and second pedestals 5 and 6 have the same 
length. Furthermore, the first and second pedestals 5 
and 6 have a female threaded hole (not shown) at their 
distal ends for attaching a circuit board 8 to the pedes- 
tals 5 and 6. The circuit board 8 is fixed to each of the 
first and second pedestals 5 and 6 by screws 7, 19 and 
22. 

[0019] As shown in Fig. 2, the circuit board 8 includes 
first and second parts 9 and 10. The first part 9 is sup- 
ported on the first pedestals 5. The first part 9 is prefer- 
ably an existing circuit board, which was used in the 
prior art The second part 10 is supported on the sec- 
ond pedestals 6 adjacent to the first part 9. An electric 
circuit is provided on the first part 9. The electric circuit 
controls a lock mechanism for locking the tilting motion 
of an axle of the vehicle. A connector 1 1 for electrically 



connecting the electric circuit to the lock mechanism is 
provided on the first part 9. The second part 10 provides 
an area for mounting a sensor 13. The sensor 13 is 
mounted on the second part 10 with a bracket 12 and 

5 spacers 20 and 23. 

[0020] The bracket 12 is formed by press molding a 
metal plate. As shown in Figs. 3(a) and 3(b), the bracket 
12 is bent. A plate 14 of the bracket 12 supports the 
sensor 13 on its top surface 14a. Two holes 17 extend 

10 through the plate 14 for mounting the sensor 13 on the 
top surface 14a of the plate 14. Two first mounting 
pieces 15 and one second mounting piece 16 are 
formed on the bracket 1 2 to fix the bracket 1 2 to the sec- 
ond part 10. The first and second mounting pieces 15 

75 and 16 are planar. The first mounting pieces 15 extend 
from first end of the plate 14 at a predetermined angle 
relative to the plate 14. The first mounting pieces 15 are 
parallel with each other. The second mounting piece 16 
extends from a second end, which is opposite to the first 

20 end. of the plate 14 at an equal but opposite angle to 
that of the first mounting pieces 15 relative to the plate 
14 as shown in Fig. 3(b). The mounting piece 16 
extends in a direction that is opposite to that of the first 
mounting pieces 15. Therefore, each first mounting 

25 piece 1 5 is parallel to and offset from the second mount- 
ing piece 16. The first mounting pieces 15 and the sec- 
ond mounting piece 1 6 are separated by the plate 14. 
[0021 ] A through hole 1 8 is formed in each first mount- 
ing piece 15. A screw 19 is inserted through each hole 

30 18, through a spacer 20 and through a hole in the sec- 
ond part 10. Each screw 19 is then screwed into the 
threaded hole of the corresponding second pedestal 6. 
Through holes 21 are formed in the second mounting 
piece 16. A screw 22 is inserted through each hole 21, 

35 through a spacer 23, and through a hole in the second 
part 10. Each screw 22 is then screwed into the 
threaded hole of the corresponding second pedestal 6. 
Therefore, the plate 14 is fixed to the circuit board 8 
while the top surface 14a of the plate 14 is inclined rela- 

40 tive to the second part 10 at a predetermined angle. 
[0022] The sensor 1 3 has a main body 24 and mount- 
ing ears 25, which are formed on opposite sides of the 
main body 24. A threaded hole 25a is formed in each 
mounting ear 25. A screw 26 is inserted through each 

45 hole 17 from the rear surface 14b of the plate 14 to 
engage with the corresponding threaded hole 25a of the 
mounting ear 25. The sensor 13 is thus fixed to the 
bracket 12. An arrow S shown in Fig. 1 indicates the 
direction of an operational axis, which is defined in the 

so sensor 13. The sensor 1 3 measures the yaw rate based 
on a deflection from the operational axis. The opera- 
tional axis extends parallel to the top surface 14a and is 
inclined relative to the rear surface of the base 3. 
[0023] Lead wires 27 are connected to an input/output 

55 terminal (not shown) of the sensor 13. The connection 
between the input/output terminal of the sensor 13 and 
the lead wire 27 is sealed by synthetic resin. The lead 
wire 27 has a connector 28 at its distal end. The con- 
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nector 28 is connected to a socket proved on the first 
part 9. As a result, the sensor 13 is electrica V con- 
nected to the electric circuit arranged on the f ir st part 9. 
[0024] The cover 4. shown in Figs. 1 and 2/,s fixed to 
he base 3. The cover 4 has an openin g _ ^J^J 5 
nector 11 is accessible from outs.de of the case 2 
Sh the opening 4a. The opening 4a allows presto 
extend between the connector 1 1 and an axle tit control 
mechanism located outside of the ^assembly M I. 
[0025] In the first embodiment, the assembly 1 is ixed 

0 the vehicle body while the top surface M4j id the 
assembly 1 is inclined at the predetermined angle, as 
IS in Fig. 4. in this position, the operational axis of 
tensor 13 is vertical (assuming the vehicle -s level). 
[0026] Functions and operation of the mounting struc- « 
ture of the sensor will now be described. 

For example, as shown in Fig 4. the assembly 

1 can be fixed to a rear surface Pb of a front protector! P 
of the fork-lift truck. The rear surface Pb .s '^n^The 
slope of the top surface 14a of the bracket 12 is defied *> 
based on the inclination of the rear surface Pb. ( When 
the assembly 1 is fixed to the rear surface Pb , Ihj .top 
surface 14a is vertical, and thus the ax,s of the sensor 
13 fe also vertical. Therefore, the sensor 13 can accu- 
2£ measure the yaw rate of the veh ide , while « 
vehicle is making a turn. The assembly 1 transmrts a 
control signal to contrd the tilting mo ion of the axle 
Ssed on the measured yaw rate. The lock mechanism 
^Derated based on the control signal. Therefore, the 
m£*n of the fork-lift truck is adequately control- so 

■ 0028] The mounting structure of the sensor in the 
vehicle in accordance with this embodiment proves 
following advantages. 35 

(a) The sensor 1 3 is f ixed to the case 2 with the sec- 
ond part 10. the bracket 12 and the spacers 21j nd 
23. These parts hold the sensor 13 at desired 
mounting attitude. Thus, the sensor 13 is fixed to ^ 
the vehicle at the desired attitude. 



structure of the sensor 13, which measures the yaw 
rate while the vehicle is making a turn, so the yaw 
rate is measured accurately. The mounting struc- 
ure 2 part of the apparatus for locking , tl* axte o 
the fork-lift truck, so the axle of the fork-lift truck is 
controlled with high accuracy. 



(b) The first and second parts 9 and 10 are 
arranged on the circuit board 8. The sensor 13k 
tixedtotoesecorKipartlObymebractetlland 

the spacers 21 and 23. Therefore, the case 2 can 
be made thinner. As a result, there are fewer Imita- 
tions on the mounting location. 

(c) The bracket 12 is made with a simple metal 
plate, so the bracket 12 can be easily manufac- so 
tured. for example, by press molding. 

(d) Since the assembly 1 of the P^err^embodi- 
ment incorporates a pre-existing crcu-t board part 
9. the cost of the assembly 1 is lower than if a new 
circuit board were designed. 

(e) The present invention relates to the mounting 



[0029] The present invention is not limited to > the 
Lbove embodiment of Fig. 1 and can be modrf .ed as fol- 

Solo] The bracket 12 may be replaced with a bracket 
30. which has a V shaped cross section as shown m 
Fig. 5(a). In this instance, the spacers 21 and 23 are not 
required, so the numbers of the parts and the manufac- 
Snglteps are reduced. In this embodiment, planar 
mounting pieces 15a and 16a lie in the same plane 
So31] Tne bracket 12 or 30 need not be manufac- 
tured by press molding a metal plate. The bracket 12 or 
30 can be manufactured by other means. 
[0032] As shown in Fig. 5(b). a bracket 31 having a Mfr - 
angular prism shape, which is produced by metal cast- 
er metal forging, may be employed. In ^ "Stone* 
the spacers 21 and 23 are not required, so the numbers 
of the parts and manufacturing steps are 
[0033] The bracket 12. 30. 31 can be manufactured 
f rom other than metal materials, such as synthetic res,n 

?00 C Sr ,C The bracket 12 can have a mechanism for 
changing the inclination of the sensor mounting surface 
of theVacket 12 relative to the case 2. In ^ MM. 
the sensor 13 can be held by the same bracket 12 even 
?the hunting position of the case 2 on the vehicle is 

SEX* The f irst and second parts 9 and 10 can be 
Integrated in the same board. That is. there may be only 

mosr^ad wire 27 can be soldered to the 

put terminal of the sensor. Even in ** 
possibility of cutting the wire is reduced, and I the retabrt 
ny of the connection is increased, since large forces 
caused by vibration of the sensor 13 are not apphed to 

Sr^put/output terminal can be integrally 
S on the sensor 13. and the input/output terminal 
can be soldered to the second part 1 0. t 
So38] The present invention is not limrted to the 
Sing structure of the sensor 13. which measures 
vaw rate. For example, the present invention can be 
TtiSto a mounting structure of an acceleration sen- 
sor which measures the acceleration of the vehicle ,n 
"er3g direction of the vehicle. A 
controls the braking force or the engmespeed I based on 
the speed calculated from the measured a^eleraton^ 
[0039] The present invention is not limited to fork Wt 
lucks The present invention can be appHed to a mount- 
ing structure of a sensor 13 that measures the yaw rate 
of for example, a shovel loader or a vehicle for h,gh lift 
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work. 

[0040] Therefore, the present examples and embodi- 
ments are to be considered as illustrative and not 
restrictive and the invention is not to be limited to the 
details given herein, but may be modified within the 
scope and equivalence of the appended claims. 
[0041 ] An assembly for mounting a sensor (1 3), which 
measures a running state of a vehicle, on the vehicle at 
a predetermined positional relationship to the vehicle. 
The assembly includes a control unit for controlling the 
vehicle based on a signal transmitted from the sensor 
(13) and a circuit board (8). The assembly further 
includes a case (2) to be fixed to the vehicle for housing 
the circuit board (8) and a holding member (12, 20, 23) 
for holding the sensor (13) at an inclination relative to 
the circuit board (8). The holding member (12. 20, 23) 
maintains the positional relationship between the sen- 
sor (13) and the vehicle when the case (2) is fixed to the 
vehicle. 

Claims 

1. An assembly for measuring a running state of a 
vehicle when mounted on the vehicle in a predeter- 
mined position relative to the vehicle comprising a 
sensor (13) for measuring a running state of the 
vehicle, a control unit for controlling the vehicle 
based on a signal transmitted from the sensor (13). 
wherein the control unit includes a circuit board (8), 
and a case (2) for accommodating the circuit board 
(8), the case (2) including a base (3) for fixing the 
case (2) to the vehicle, being characterized in that: 

the assembly further comprises a holding 
member (1 2, 20, 23) for holding the sensor (1 3) 
at a predetermined inclination relative to the 
circuit board (8), wherein the holding member 
(12, 20, 23) maintains the position of the sen- 
sor (13) relative to the vehicle when the case 
(2) is fixed to the vehicle. 

2. An assembly according to claim 1 , characterized in 
that the holding member (12, 20, 23) includes a 
bracket (12) for mounting the sensor (13) on the cir- 
cuit board (8). 

3. An assembly according to claim 2, characterized in 
that the bracket (12) includes first and second 
mounting pieces (15, 16), which extend parallel to 
the circuit board (8), and a plate (14) extending 
between the first and second mounting pieces (15, 
16). 

4. An assembly according to claim 3, characterized in 
that the plate (14) is inclined at predetermined 
angle relative to the first and second mounting 
pieces (15, 16). 



5. An assembly according to claim 4, characterized in 
that the assembly further comprises a first spacer 
(20) that is arranged between the first mounting 
piece (15) of the bracket (12) and the circuit board 

5 (8). 

6. An assembly according to claim 5, characterized in 
that the assembly further comprises a second 
spacer (23) that is arranged between the second 

io mounting piece (16) and the circuit board (8). 

7. An assembly according to claim 6, characterized in 
that the first spacer (20) has a different length than 
the second spacer (23). 

8. An assembly according to claim 7, characterized in 
that the assembly further comprises a first screw 
(26) for mounting the sensor (13) on the bracket 
(12). 

9. An assembly according to claim 8, characterized in 
that the assembly further comprises a second 
screw (19, 22) for mounting the bracket (12) on the 
circuit board (8). 

10. An assembly according to claim 3, characterized in 
that the first and second mounting pieces (15. 16) 
are planar and lie in two different parallel planes. 

30 1 1. An assembly according to claim 3, characterized in 
that the first and second mounting pieces (15, 16) 
lie in the same plane. 

12. An assembly according to claim 1 t characterized in 
35 that the sensor (13) includes a lead wire (27) for 

transmitting the signal, and a sealed connection for 
connecting the lead wire with the sensor. 

13. An assembly according to claim 12, characterized 
40 in that the assembly further includes a connector 

(28), which is attached to a distal end of the lead 
wire (27), and wherein the sensor (13) is electrically 
connected to the circuit board (8) with the connec- 
tor (28). 

45 
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(54) Sensor support assembly for vehicles 

(57) An assembly for mounting a sensor (13), which 
measures a running state of a vehicle, on the vehicle at 
a predetermined positional relationship to the vehicle. 
The assembly includes a control unit for controlling the 
vehicle based on a signal transmitted from the sensor 
(13) and a circuit board (8). The assembly further 
includes a case (2) to be fixed to the vehicle for housing 
the circuit board (8) and a holding member (12, 20, 23) 
for holding the sensor (13) at an inclination relative to 
the circuit board (8). The holding member (12, 20, 23) 
maintains the positional relationship between the sen- 
sor (13) and the vehicle when the case (2) is fixed to the 
vehicle. 
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